INTRODUCTION
The phenomenon of drag reduction has been defined by Lumley (1969) as "the reduction of skin friction in turbulent flow below that of the solvent alone". Toms (1949) discovered in late 1940 that dissolving a small amount of polymers (usually a few weight parts per million) in water can drastically reduce the pressure drop or known as frictional drag of turbulent pipe flow. It has received a lot of attention afterwards because of its practical use in various applications. Therefore, many researchers studied the phenomena in deep with different polymers and proved the efficiency. In the 1970s and 1980s extensive research work was devoted to this study. Gupta et al. (1967) , Virk et al. (1970) , Reischmann and Tiedermann (1975) , Ng et at. (1980) , Gajar and Azar (1988) and Kalashnikov and Tsiklauri (1990) are few of them. Meanwhile, a new drag reducer was introduced and this technique mainly depends on solid particles instead of polymers. These particles showed excellent result on improving the flow in pipelines.
Therefore, in the present study we perform experiments of turbulent pipe flow with red gypsum (solid particles) which is a titanium dioxide manufacturing waste to explore more into the field of fluid mechanics. This is to prove that red gypsum can behave as drag reducer which is a clue to the power saving in pipelines to transport fluids for long distances in various industries. On the other hand, it enhances the utilization of waste in proper way (waste to wealth) so that the amount of waste land filled can be reduced which is directly beneficial to environment.
Generally, drag reducers are very high molecular weight additives suspended in a solvent. When added to fluids flowing in pipeline, these additives reduce transverse flow gradients, efficiently creating a laminar flow in the pipeline. This is specifically applicable close to the pipe walls where the axial flow velocity profile has a very steep gradient in which pressure losses occur. Lowering these internal fluid losses increases the bulk throughput of the pipeline for a given pumping energy, therefore operating costs are reduced.
Studies were carried out in the past few decades to investigate the flow behavior of fluids with the present of suspended solids. Vaseleski and Metzner (1974) investigated experimentally on flow rates, pipe diameters and concentrations, geometry and type (nylon and asbestos) of fibers (solid particles). It was proven that an increase in the fiber concentration increases drag reduction.
Wang et al. (1998) studied the drag reduction in flows with clay suspensions. At high concentrations, the resistance in flows affected by two ways; by damping turbulence and increasing the viscous resistance. Over rough boundaries, turbulent shear dominates the resistance and high concentrations of clay influence drag reduction. Theoretically, drag reduction increases with increasing Reynolds number and increasing fluid velocity.
II. MATERIALS AND METHOD

Closed Loop Liquid Circulation System
The circulation system mainly comprised of pipes with different testing sections, transmitter sensor to detect pressure at each testing sections, valves, flow meter and tank. Pipes of closed loop circulation system made of visible PVC and galvanized iron. The pipes are in three different diameters (0.0127m, 0.0254m and 0.0381 m) each with 2m length.
Testing Materials
Suspended solids
The suspended solid tested in this experiment is crushed red gypsum. It's a waste from titanium dioxide manufacturing industry which dumped every year on open land. According to the Huntsman Tioxide Responsible Care Report for 2003, the co-products for which a market cannot be found are disposed to land in an environmental controlled manner and approximately 780,000 tonnes of gypsum wastes are disposed to land. Table I shows the properties of red gypsum. The microphotographs reported in Fig. 1 show the magnified morphology of the red gypsum (a). (b) and (c) supports this finding by showing a rough surface on the particles.
Fluid
Present investigation involved with water as transported liquid with properties as stated in Table 2 . Degree of turbulence for different concentrations of solid is shown in Fig. 2 . As pressure drop was the indication for drag reduction, it can be concluded that degree of turbulence decrease when concentration of solids increase. At the same time, less pressure drop observed effectively for higher concentrations. The drag reduction effectiveness of each pipes (0.0127m, 0.0254m and 0.0381 m) illustrated in Fig. 3-5 to clarify the relationship between Reynolds numbers (Re) and percent drag reduction (%DR) which obtained from the experimental work for different concentrations of solid particles. Overall, higher %DR value attained at higher Re for all the pipes. In Fig. 3 we observed that, approximately 56% DR achieved for Re=149648.3 with the presents of 200ppm solid particles. When Re of fluid increase means eddies in turbulent flow become stronger thus required more particles to suppress eddies. Higher concentration of particle construct the stronger network between particles thus more eddies can be damped. When water circulated through the system, the particle aligned with eddies in turbulent flow. As the concentration of solid increases, the length of network formed also increases. Consequently, the skin friction 321 between the flowing water and the solid particles is reduced. Accordingly less energy need to transport water from one location to another. Apparently, for all Re, the DR efficiency increases as solids concentration increase. The figure also clearly shows as the Re value increases, the rate (gradient) of %DR value increment has been minimized slowly for all range of solids concentration. These situations arise due to the mechanical degradation of solid particle itself. In general, mechanical degradation caused by mechanical energy input to the particles in solution, which means passage the solution through pumps and pipes. Hence, it proves that pumps activity does influence the performance of added gypsum in pipelines. As seen in Fig. 5 , it discusses the relationship between %DR and Re as previous figures. The visibility of DR percentage increases as Reynolds number increases for all the given concentrations. The Re measures dependent on flow rate of liquids pumped. In this pipe, about 40% maximum DR value accomplished. Again, proving the fact that eddies suppressed highly when the fluid flow at higher flow rates (Re=133350).
III.
RESULTS AND DISCUSSION
Throughout the fig. 3-5 , a significant trend of decrease in %DR as the pipe size decreased is observed. Concluding that pipe with internal diameter (10) 0.0381 m has higher %DR (56%) than 0.0254m and 0.0127m pipes. Larger pipe causes flow rate of flowing water increase which means the velocity increases as well. This results to higher turbulence. Even though the study cover up with turbulent flow, but the degree of turbulence are different for different flow rates of fluid. Pipe with larger ill creates bigger eddies which tend to utilize more energy to complete its formation. In fact, more space will be providing to form eddies. Therefore, at higher degree of turbulence, more collisions occur between eddy ends up with smaller size eddies. The collisions providing extra number of eddies absorbing energy (from main flow) to complete their shape. Consequently, addition of solid particles will restrict the formation of eddies. Added solid particles generally have suppressed formation of eddies thus saving the energy from main flow. Larger area provides more space for drag reducing agent (DRA) to perform better. These factors preserve the energy consumed and reduce the pressure drop leading to higher %DR. Comparative test results demonstrated a marked increase in drag reduction when pipe length increase for all Re. Before addition of DRA, pressure drop increasing from starting point to each length of pipe. This is a common phenomenon in fluid transportation. As the major discuss point of this research is to minimize the skin friction (pressure drop), addition of solid particles (gypsum) investigated thoroughly. By adding an amount of solid particles, energy can be retained in the flow stream. This DRA proved the efficiency for energy preservation at longer distance.
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IV. CONCLUSION
The phenomenon of drag reduction in turbulent flows of solid mixed solutions was experimentally tested. The research discussed here was motivated by the observation that even a small amount of solid particles (red gypsum) can reduce the drag formed in pipelines. Drag reducing ability of the gypsum enhance further research with different concentrations, Re, pipe diameter and testing section length. Drag reduction is commonly believed to be strongly influenced by the concentration of particles and that the loss in drag reducing ability is directly proportional to reduction in their numbers due to mechanical degradation. The influence of drag reduction on the turbulence worked better at higher Re. All these factors imply that red gypsum is a capable drag reducer in the system of water transportation.
